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WKH LQIOXHQFHV RI IOX[ GHQVLW\ UDWLR PD[LPXP RSHUDWLQJ VSHHG DQG VOHHYH PDWHULDO RQ WKH RSWLPL]HG VSOLW UDWLR DUH
GLVFXVVHGLQGHWDLO7KHDQDO\WLFDOUHVXOWVDUHYHULILHGE\ILQLWHHOHPHQWDQDO\VHV,WLVGHPRQVWUDWHGWKDWWKHRSWLPL]HG




+LJKVSHHG HOHFWULFDO PDFKLQHV KDYH EHHQ ZLGHO\
XVHG LQ D YDULHW\ RI DSSOLFDWLRQV LQFOXGLQJ GRPHVWLF
DSSOLDQFHV HOHFWULFDO VSLQGOHV WXUERFKDUJHUV HOHFWULFDO
WXUERFRPSRXQGLQJ V\VWHPV DQG KDYH EHHQ DWWUDFWLQJ
LQFUHDVHG LQWHUHVW IURP ERWK LQGXVWU\ DQG DFDGHPLD
SDUWLFXODUO\LQWKHODVWWZRGHFDGHV>@>@
$V D FRPSHWHQW FDQGLGDWH KLJKVSHHG SHUPDQHQW
PDJQHW30PDFKLQH+6300LVDYHU\SURPLVLQJGHVLJQ
DOWHUQDWLYH IRU KLJKVSHHG DSSOLFDWLRQV GXH WR KLJK SRZHU
GHQVLW\ DV ZHOO DV KLJK HIILFLHQF\ DQG FRPSDFWQHVV
FRPSDUHG ZLWK RWKHU W\SHV RI HOHFWULFDO PDFKLQHV VXFK DV
LQGXFWLRQ PDFKLQHV DQG VZLWFKHG UHOXFWDQFH PDFKLQHV >@
>@
+RZHYHUWKHUHDUHVWLOOPDQ\FKDOOHQJHVIRUPDFKLQH
GHVLJQHUV WR RYHUFRPH &RPSDUHG ZLWK ORZWRPHGLXP
VSHHG 30 PDFKLQHV RQH RI WKH PRVW VLJQLILFDQW GHVLJQ
FRQVLGHUDWLRQV LV WKH PHFKDQLFDO LVVXH 8QGHU KLJKVSHHG
RSHUDWLRQWKHURWRUFRPSRQHQWVZLOOVXIIHUKXJHFHQWULIXJDO
VWUHVV PDNLQJ WKH PDJQHW UHWDLQLQJ H[WUHPHO\ LPSRUWDQW
>@ 7KH FHQWULIXJDO VWUHVV LV LQIOXHQFHG E\ D IHZ IDFWRUV
LQFOXGLQJ WKH URWRU GLDPHWHU 2Q WKH RWKHU KDQG WKH VSOLW
UDWLRWKHURWRURXWHUGLDPHWHUWRWKHVWDWRURXWHUGLDPHWHULV
DOVRDQLPSRUWDQWGHVLJQSDUDPHWHUIRUDQ\30PDFKLQH,W
KDV D JUHDW LPSDFW RQ WKH WRUTXHSRZHU FDSDELOLW\ DQG
HIILFLHQF\ IRU WKH JLYHQ IUDPH VL]H >@ GHULYHG D VLPSOH
DQDO\WLFDO H[SUHVVLRQ RI RSWLPXP VSOLW UDWLR IRU PD[LPXP
WRUTXH GHQVLW\ ,Q >@ WKH RSWLPDO VSOLW UDWLR RI ERWK
EUXVKOHVV $& DQG '& PRWRUV ZLWK HLWKHU RYHUODSSLQJ RU
QRQRYHUODSSLQJ ZLQGLQJV ZHUH LQYHVWLJDWHG ,Q DGGLWLRQ
WKH LQIOXHQFHV RI DLU JDS IOX[ GHQVLW\ ZDYHIRUPV VWDWRU




)RU +6300 WKH GHVLJQ RI WKH VSOLW UDWLR LV HYHQ PRUH
LPSRUWDQW 1RW RQO\ LV WKH WRUTXH GHQVLW\ RI +6300
VLJQLILFDQWO\ LQIOXHQFHG E\ WKLV SDUDPHWHU EXW DOVR WKH
PHFKDQLFDOVWUHVVRIWKHURWRUDQGVWDWRULURQORVVDUHJUHDWO\
LPSDFWHGE\ WKLV UDWLR+HQFH LW LVQHFHVVDU\ WR LQYHVWLJDWH
WKHRSWLPDO VSOLW UDWLR IRU+6300 ,Q >@ WKH VWDWRU LURQ
ORVVZDVFRQVLGHUHGLQWKHDQDO\VLVRIRSWLPDOVSOLWUDWLRRID
KLJKVSHHG30PDFKLQH,WZDVIRXQGWKDWWKHRSWLPDOVSOLW
UDWLR LV VOLJKWO\ UHGXFHG FRPSDUHG WR WKDW ZLWK D IL[HG
FRSSHU ORVVRQO\ >@ LQWURGXFHG WKHFXUUHQWGHQVLW\DV WKH
ORFDO WKHUPDO FRQVWUDLQW ZKLFK LV UHDVRQDEOH RQO\ ZKHQ
FRQVLGHULQJ WKH ORFDO RYHUKHDW LQ VWDWRU HQGZLQGLQJV >@
,Q>@WKHWKHUPDOQHWZRUNZDVDGRSWHGLQRUGHUWRREWDLQ
WKH ZLQGLQJ WHPSHUDWXUH ULVH RI +6300 GLUHFWO\ DQG D
PRUHDFFXUDWHYDOXHRIRSWLPDOVSOLWUDWLRFRXOGEHDFTXLUHG





,Q VXPPDU\ LQ H[LVWLQJ SDSHUV WKH VSOLW UDWLR RI
+6300 KDV EHHQ RSWLPL]HG ZLWK WKH FRQVLGHUDWLRQ RI
WKHUPDO FRQVWUDLQWV RQO\ 7KH PHFKDQLFDO FRQVWUDLQWV
LQFOXGLQJ WKH VWUHVV OLPLW DQG URWRU G\QDPLFV LVVXHV DUH
LJQRUHG OHDGLQJ WR WKH GHYLDWLRQ RI WKH RSWLPDO VSOLW UDWLR
DQG DFWXDO WRUTXHSRZHU FDSDELOLW\ ,Q WKLV SDSHU WKH
RSWLPL]HG VSOLW UDWLR IRU +6300 LV REWDLQHG ZLWK WKH
FRQVLGHUDWLRQ RI WKH PHFKDQLFDO FRQVWUDLQWV ZLWKSDUWLFXODU





7KH SDSHU LV RUJDQLVHG DV IROORZV ,Q VHFWLRQ  WKH
RSWLPDOVSOLWUDWLRIRUPD[LPXPWRUTXHLV LQYHVWLJDWHGZLWK
GXH DFFRXQW RI FRSSHU ORVV FRQVWUDLQWV RQO\ 7KHQ WKH
LQIOXHQFHVRIPHFKDQLFDOFRQVWUDLQWVRQRSWLPDOVSOLWUDWLRDV
ZHOO DV DFWXDO PD[LPXP WRUTXH DUH DQDO\VHG LQ VHFWLRQ 
ZKLFK IXUWKHUFODULILHV ZK\DQGKRZ WKHRSWLPDO VSOLW UDWLR
IRU DFWXDO PD[LPXP WRUTXH ZLOO FKDQJH ZKHQ ERWK FRSSHU
ORVV FRQVWUDLQWV DQG PHFKDQLFDO FRQVWUDLQWV DUH WDNHQ LQWR
FRQVLGHUDWLRQ 6HFWLRQ  DLPV WR LOOXVWUDWH KRZ WKH GHVLJQ
SDUDPHWHUVVXFKDVIOX[GHQVLW\UDWLRRUPD[LPXPRSHUDWLQJ






)LJ D LOOXVWUDWHV D W\SLFDO FURVVVHFWLRQ RI
+6300 *HQHUDOO\ ZKHQ WKH DLU JDS IOX[ GLVWULEXWLRQ LV




 V D Z Z D J7 ' O 1 N , %  
ZKHUH 'V LV WKH VWDWRU ERUH GLDPHWHU OD LV WKH DFWLYH VWDFN
OHQJWK DQG1ZUHSUHVHQWV WKH VHULDO WXUQV RI HDFK SKDVHNZ
GHQRWHV WKH ZLQGLQJ IDFWRU ,D LV WKH 506 RI WKH SKDVH
FXUUHQWDQG%JLVWKHDLUJDSIOX[GHQVLW\,WVKRXOGEHQRWHG
WKDW WKH VSOLW UDWLR IRU +6300 LQ WKLV SDSHU UHIHUV WR WKH
UDWLRRIURWRURXWHUGLDPHWHUWRVWDWRURXWHUGLDPHWHUZKLFKLV
GLIIHUHQWIURPGHILQLWLRQVIRUORZVSHHGHOHFWULFDOPDFKLQHV
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
ZKHUH 'U LV WKH URWRU RXWHU GLDPHWHU DQG 'R LV WKH VWDWRU
RXWHU GLDPHWHU 7KH VWDWRU ERUH GLDPHWHU FDQ EH H[SUHVVHG
DV
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
ZKHUHJGHQRWHVWKHWRWDODLUJDSOHQJWK7KHWRUTXHFDQEH
IXUWKHUJLYHQDV>@
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ZKHUHSLVWKHURWRUSROHSDLUVDQG1VGHQRWHVWKHVWDWRUVORW
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
ZKHUH %PD[ LV WKH PD[LPXP IOX[ GHQVLW\ LQ WKH VWDWRU LURQ
+HQFH WKH HOHFWURPDJQHWLF WRUTXH ZLWK UHVSHFW WR WKH VSOLW
UDWLRFDQEHH[SUHVVHGDV
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V R7 I $ ' JO Ov    
7KHRSWLPL]HGVSOLWUDWLRIRUPD[LPXPWRUTXHFDQEH
REWDLQHGE\VROYLQJWKHIROORZLQJGLIIHUHQWLDOHTXDWLRQ
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
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 N  IRUPRWRUVZLWKVWDWRUQRQRYHUODSSLQJZLQGLQJ 
:KLOH WKH VSOLW UDWLR LQFUHDVHV WKH WRRWK ZLGWK DQG
\RNHWKLFNQHVVZLOOEHFRPHODUJHUFRUUHVSRQGLQJO\ZKHQWKH
DLUJDSOHQJWKDQGWKHIOX[GHQVLW\UDWLRDUHFRQILUPHG7KH




RI WKH HPSLULFDO HTXDWLRQ LQ >@ $ VXLWDEOH YDOXH IRU WKH
OHQJWKRIWKHDLUJDSRIDQLQYHUWHUIHGKLJKVSHHGPDFKLQH
WKH SHULSKHUDO VSHHG RI WKH URWRU! PV FDQ EH
FDOFXODWHGDV
  
U' YG     
:KHUH'UGHQRWHVWKHURWRURXWHUGLDPHWHUDQGYGHQRWHVWKH
SHULSKHUDOVSHHGRIWKHURWRU
7KH FRSSHU ORVV LV IL[HG VR DV WR HQVXUH WKH VDPH
WKHUPDOSHUIRUPDQFH$VIRUWKHYDOXHRIFRSSHUORVVZKHQ













DQG DLU JDS OHQJWK ,W FDQ EH VHHQ WKDW WKH RSWLPL]HG VSOLW
UDWLR IRUPD[LPXP WRUTXH LV VLJQLILFDQWO\ UHGXFHG ZLWK WKH
LQFUHDVHRI IOX[ GHQVLW\ UDWLR 7KLV FDQEH DWWULEXWHG WR WKH









WKH YDULDWLRQ RI WRUTXH YHUVXV VSOLW UDWLR ZLWK UHVSHFW WR
GLIIHUHQW DLU JDS OHQJWK ,W FDQ EH VHHQ WKDW WKH RSWLPL]HG
VSOLWUDWLRZLOOEHVLJQLILFDQWO\UHGXFHGZLWKWKHLQFUHDVHRI
DLU JDS OHQJWK ZKHQ WKH IOX[ GHQVLW\ UDWLR LV FRQVWDQW 7KH
VORWDUHDLVUHGXFHGZLWKWKHLQFUHDVHRIDLUJDSOHQJWK7KH
VSOLW UDWLRZLOO DFFRUGLQJO\ EH UHGXFHG LQRUGHU WRNHHS WKH
FRSSHU ORVV FRQVWDQW )LJ G VKRZV WKH YDULDWLRQ RI
DQDO\WLFDO DQG )( FDOFXODWHG HOHFWURPDJQHWLF WRUTXHV ZLWK
VSOLW UDWLR IRU WKH PDFKLQH KDYLQJ D VS 1VS ZLWK D
QRQRYHUODSSLQJZLQGLQJ ,W VKRXOGEHQRWHG WKDW WKH VWDWRU
DQGURWRULURQSHUPHDELOLW\LVDVVXPHGLQILQLWHDQGWKHIOX[
OHDNDJH LV LJQRUHG LQ WKH DQDO\WLFDO UHVXOWV ,W FDQ EH VHHQ





7KH WRSRORJ\ RI +6300 LV VLPLODU WR ORZWR
PHGLXP VSHHG RSHUDWLQJ 30 PDFKLQHV ,Q >@ LW LV
KLJKOLJKWHG WKDW GXH WR WKH UHTXLUHPHQW RI PHFKDQLFDO
UREXVWQHVV DQG WKHUPDO VWDELOLW\ D VXUIDFHG PRXQWHG
SHUPDQHQW PDJQHW 630 PDFKLQH ZLWK D KLJKVWUHQJWK
UHWDLQLQJVOHHYHLVDOPRVWH[FOXVLYHO\HPSOR\HG
7R REWDLQ FHUWDLQ SUHVWUHVV EHWZHHQ WKH VOHHYH DQG
30 DW KLJK VSHHGV DQ LQWHUIHUHQFH ILW VKRXOG DOZD\V H[LVW
EHWZHHQWKH30DQGWKHVOHHYHVRWKDWWKHFRQWDFWIRUFHDQG
FLUFXPIHUHQWLDOIRUFHLQWKHVOHHYHFDQEHGHULYHGIRUPDJQHW
UHWDLQLQJ ,Q DGGLWLRQ WR DYRLG WKH SUHVHQFH RI VWUHVV
FRQFHQWUDWLRQ DW WKH PDJQHW HGJHV WKH LQWHUSROH DLU JDS
EHWZHHQPDJQHWVVKRXOGEHDYRLGHG>@
$W WKH SUHOLPLQDU\ GHVLJQ VWDJH LW LV RI YLWDO
LPSRUWDQFH WR WDNH WKH PHFKDQLFDO FRQVWUDLQWV LQWR
FRQVLGHUDWLRQ *HQHUDOO\ WZR IXQGDPHQWDO FRQGLWLRQV
VKRXOG EH VDWLVILHG WKH FLUFXPIHUHQWLDO VWUHVV LQ WKH LQQHU
VXUIDFH RI WKH VOHHYH VKRXOG EH ZLWKLQ WKH PDWHULDO OLPLWV
DQG WKH FRQWDFW SUHVVXUH EHWZHHQ 30 DQG URWRU EDFNLURQ
VKRXOGDOZD\VEHSRVLWLYH>@
)RU+6300V WKHRSWLPL]HG VSOLW UDWLR LV LQHYLWDEO\
LQIOXHQFHG E\ WKH DIRUHPHQWLRQHG PHFKDQLFDO FRQVWUDLQWV
%RWK WKH FLUFXPIHUHQWLDO WHQVLOH VWUHVV DQGFRQWDFW SUHVVXUH




,Q PRVW FDVHV WKH 30V LQ D +6300 DUH PRUH
YXOQHUDEOH WR WKH WHQVLOH VWUHVV WKDQ WKH FRPSUHVVLYH VWUHVV
%RWK 1G)H% DQG 6P&R KDYH VWURQJ FRPSUHVVLYH VWUHQJWK
DQG IOH[XUDO VWUHQJWKEXW DUH YHU\ ZHDN LQ WHQVLOH VWUHQJWK
+HQFHDUHWDLQLQJVOHHYHZLWKVWURQJFLUFXPIHUHQWLDOWHQVLOH
VWUHQJWKLVQHFHVVDU\,QIDFWWKHPDLQVWUHVVLQWKHUHWDLQLQJ



















































































VWUHVV FDQ EH H[SUHVVHG DV WKH IXQFWLRQ RI VSOLW UDWLR 7KH
YDOXH RI FLUFXPIHUHQWLDO VWUHVV GHSHQGV RQ WKH VOHHYH
PDWHULDOSURSHUW\PDVVGHQVLW\DQG<RXQJ¶VPRGXOHV WKH
LQWHUIHUHQFHILWWKHRSHUDWLQJVSHHGDVZHOODVWKHVSOLWUDWLR
)LJ D LOOXVWUDWHV WKH FLUFXPIHUHQWLDO VWUHVV DW WKH LQQHU
VLGHRIVOHHYHZLWKWKHYDULDWLRQRIGLIIHUHQWLQWHUIHUHQFHILWV
,W FDQ EH VHHQ WKDW WKH FLUFXPIHUHQWLDO VWUHVV ZLOO
LQFUHDVH ZLWK WKH LQFUHDVH RI VOHHYH LQWHUIHUHQFH ILW LQ WKH
ZKROHVSOLWUDWLRUDQJH)RUHDFKJLYHQVOHHYHLQWHUIHUHQFHILW
WKHFLUFXPIHUHQWLDOVWUHVVZLOOGURSVKDUSO\ZLWKWKHLQFUHDVH
RI VSOLW UDWLREHIRUH UHDFKLQJ D PLQLPXP YDOXH $IWHU WKDW
WKHFLUFXPIHUHQWLDO VWUHVVZLOO ULVH VORZO\ZLWK WKH LQFUHDVH
RIVSOLWUDWLR
)RU D JLYHQ VOHHYH ZLWK FHUWDLQ FLUFXPIHUHQWLDO
VWUHQJWK WKH VSOLW UDWLRFDQEH IOH[LEO\FKRVHQE\DGMXVWLQJ
WKH VOHHYH LQWHUIHUHQFH ILW +RZHYHU WKHUH DOZD\V H[LVWV D
PLQLPXPVSOLWUDWLRIRUHDFKVOHHYHLQWHUIHUHQFHILWDWZKLFK
WKHFLUFXPIHUHQWLDOVWUHVV UHDFKHV WKHPDWHULDO OLPLWV7KHVH
PLQLPXP VSOLW UDWLRV LQFUHDVH ZLWK WKH LQFUHDVH RI VOHHYH
LQWHUIHUHQFHILW ,QDGGLWLRQ WKH\DUHDOVR LQIOXHQFHGE\ WKH
DFWXDOFLUFXPIHUHQWLDOVWUHVV)RULOOXVWUDWLRQWZROLPLWOLQHV
UHSUHVHQWLQJ GLIIHUHQW YDOXHV RI UHDO VOHHYH FLUFXPIHUHQWLDO
VWUHVVDUHDOVRVKRZQLQ)LJD,WFDQEHVHHQWKDWZKHQ
WKHDFWXDOVOHHYHFLUFXPIHUHQWLDOVWUHVV UHDFKHV WKHPDWHULDO
OLPLW WKH YDOXH RI WKH PLQLPXP VSOLW UDWLR LV WKH VPDOOHVW
+HQFH D IDFWRU N LV GHILQHG WR HYDOXDWH WKH VWUHVV PDUJLQ
ZLWKUHVSHFWWRWKHVOHHYHPDWHULDOWHQVLOHVWUHQJWK
OLPLW
WN VV  
ZKHUH ߪ௧ UHSUHVHQWV WKH DFWXDO YDOXH RI VOHHYHFLUFXPIHUHQWLDOVWUHVVDQGߪ௟௜௠௜௧ LVWKHWHQVLOHVWUHQJWKOLPLWRI WKH VOHHYHPDWHULDO)LJ E LOOXVWUDWHV WKH UHODWLRQVKLS
EHWZHHQ WKHPLQLPXPVSOLW UDWLR DQG WKH LQWHUIHUHQFH ILW DV
ZHOO DV N ,W VKRXOG EH QRWHG WKDW WKH PD[LPXP RSHUDWLQJ
VSHHG DW ZKLFK WKH FLUFXPIHUHQWLDO VWUHVV LV FKHFNHG KDV
EHHQ LQFUHDVHG E\  IRU WKH FRQVLGHUDWLRQ RI DQ RYHU
VSHHG WHVW >@ ,W FDQ EH VHHQ WKDW WKH ZLGHVW VSOLW UDWLR
UDQJHFDQEHDFKLHYHGZKHQWKHDFWXDOFLUFXPIHUHQWLDOVWUHVV
UHDFKHVWKHOLPLWVDQGWKHLQWHUIHUHQFHILWLVUHODWLYHO\VPDOO




*HQHUDOO\ IRU D VLPSOH URWRU FRQILJXUDWLRQ ZLWK
V\PPHWULFDOO\ PRXQWHG PDJQHWV WKH FRQWDFW SUHVVXUH
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WRWDO FRQWDFW SUHVVXUH EHWZHHQ WKH PDJQHWV DQG WKH URWRU
7KHVHSUHVVXUHVFDQEHDQDO\WLFDOO\GHWHUPLQHGDV>@

P P P PS U KZ U  

E E E ES U KZ U  
ZKHUHKPDQGUPUHSUHVHQWWKHWKLFNQHVVDQGDYHUDJHUDGLXVRI
30VߩPDQGߩEUHSUHVHQWWKHPDVVGHQVLWLHVRIWKHPDJQHWV
DQGVOHHYHV2Q WKHRWKHUKDQG WKH VOHHYHSUHVWUHVVGXH WR
VKULQN ILW FDQ EH H[SUHVVHG DV WKH GLIIHUHQFH EHWZHHQ WKH
DFWXDO VOHHYH FLUFXPIHUHQWLDO VWUHVV DQG WKH FLUFXPIHUHQWLDO
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$V PHQWLRQHG LQ WKH SUHYLRXV VHFWLRQ WKH FRQWDFW
SUHVVXUH EHWZHHQ WKH URWRU DQG WKH PDJQHWV VKRXOG DOZD\V
EH SRVLWLYH )URP  LW FDQ EH VHHQ WKDW WKH FRQWDFW
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
ZKHUH

P PD KU  
   W E E P P EE K K KV U U Z   
 R E E P PF ' K KU U   
)RU +6300 WKH PDLQ FRPSRQHQW RI WKH VOHHYH
FLUFXPIHUHQWLDO VWUHVV LV WKH SUHVWUHVV GXH WR VKULQN ILW
HVSHFLDOO\IRUWKHFDUERQILEUHVOHHYHZLWKORZPDVVGHQVLW\
>@&RPSDUHGZLWKWKHFLUFXPIHUHQWLDOVWUHVVߪ௧ǡ௣௥௘௦௧௥௘௦௦
UHVXOWLQJ IURP VOHHYH VKULQNLQJ WKH FLUFXPIHUHQWLDO VWUHVV
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+HQFHFDQEHIXUWKHUVLPSOLILHGDV
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,W FDQ EH VHHQ WKDW WKH VSOLW UDWLR RI +6300 LV
UHVWULFWHG E\ WKH VOHHYH WHQVLOH VWUHQJWK WKH PD[LPXP
RSHUDWLQJVSHHGDVZHOODV WKHPDJQHWPDVVGHQVLW\DQGWKH
UDWLRRIPDJQHWWRVOHHYHWKLFNQHVV7KHPD[LPXPVSOLWUDWLR
LV VLJQLILFDQWO\ UHGXFHG ZLWK WKH LQFUHDVH RI PD[LPXP
RSHUDWLQJVSHHGDQGWKHUDWLRRIPDJQHWWRVOHHYHWKLFNQHVV
2Q WKH RWKHU KDQG LW LV REYLRXV WKDW WKH DLU JDS RI
+6300 LV ODUJHU WKDQ WKDWRIQRUPDO30 PDFKLQHVGXH WR
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 
&OHDUO\ WKH VOHHYHPDWHULDO LQ WHUPVRIPDVVGHQVLW\
DQGWHQVLOHVWUHQJWKKDVDVLJQLILFDQWLPSDFWRQWKHPLQLPXP
VOHHYH WKLFNQHVV ZKLFK ZLOO EH IXOO\ DGGUHVVHG LQ WKH
VXEVHTXHQW VHFWLRQ ,Q WKLV VHFWLRQ WKH VOHHYH PDWHULDO LV
VHOHFWHG WREH FDUERQ ILEUHGXH WR LWV ORZ PDVV GHQVLW\ DQG






















6XEVWLWXWLQJ  DQG  LQWR  WKH
HOHFWURPDJQHWLF WRUTXH RI +6300 XQGHU PHFKDQLFDO
FRQVWUDLQWVFDQEHGHULYHGDV
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 
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+HQFH WKH RSWLPL]HG VSOLW UDWLR RI +6300 XQGHU
PHFKDQLFDO FRQVWUDLQWV FDQ EH REWDLQHG E\ VROYLQJ WKH
HTXDWLRQDVIROORZV
  7 OO
w  w  
,WLVDSSDUHQWWKDWWKHHTXDWLRQIRUWKHRSWLPL]HGVSOLW
UDWLR FRQVLGHULQJ WKH PHFKDQLFDO FRQVWUDLQWV LV PXFK PRUH
FRPSOLFDWHGWKDQWKDWRIWKHQRUPDO30PDFKLQHVGXHWRWKH
SUHVHQFHRIJȜ7KHSXUHDQDO\WLFDOVROXWLRQRIDKLJKRUGHU
HTXDWLRQ  LV TXLWH FRPSOLFDWHG DV ZHOO 7KXV WKH
QXPHULFDO PHWKRG LV DGRSWHG ZKLFK LV PXFK HDVLHU DQG
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)LJ D LOOXVWUDWHV WKH VXUIDFHV RI WZR HTXDWLRQV LQ
WKH HOHFWURPDJQHWLF DQG PHFKDQLFDO GRPDLQ UHVSHFWLYHO\
7KHHOHFWURPDJQHWLFVXUIDFHLVGLYLGHGLQWRWZRSDUWVE\WKH
VXUIDFH UHSUHVHQWLQJ WKH PHFKDQLFDO FRQVWUDLQWV )RU HDFK
VSHFLILFVSOLWUDWLRWKHUHH[LVWVDFRUUHVSRQGLQJPLQLPXPDLU
JDS OHQJWK +HQFH WKH OHIWVLGH RI WKH HOHFWURPDJQHWLF
VXUIDFH LV YDOLG IURP WKH PHFKDQLFDO SRLQW RI YLHZ ,Q
DGGLWLRQ LW LV REYLRXV WKDW D FXUYH LV GHILQHG E\ WKH
LQWHUVHFWLRQ RI WKH WZR VXUIDFHV 7KLV FXUYH UHSUHVHQWV WKH
HQYHORSLQJ RI YDOLG GHVLJQV LQ WKH HOHFWURPDJQHWLF GRPDLQ
FRQVLGHULQJWKHPHFKDQLFDOFRQVWUDLQWV
$VVKRZQLQ)LJEWKHSURMHFWLRQVIRUHQYHORSLQJ
RI WKH GHVLJQV ZLWK DQG ZLWKRXW WKH PHFKDQLFDO FRQVWUDLQWV




GHFUHDVHG IURP 1P WR 1P 0 GHQRWHV WKH
RSWLPL]HG GHVLJQ ZLWK WKH VDPH HIIHFWLYH DLU JDS OHQJWK RI
0 ZKHQ WKH PHFKDQLFDO FRQVWUDLQWV DUH QRW FRQVLGHUHG ,W
FDQ EH VHHQ WKDW WKH RSWLPL]HG VSOLW UDWLR LV UHGXFHG IURP
0 WR0GXH WRWKH LQFUHDVHRIDLUJDSOHQJWK
:KHQ WKH PHFKDQLFDO FRQVWUDLQW LV WKHQ FRQVLGHUHG WKH


RSWLPL]HG VSOLW UDWLR LV IXUWKHU UHGXFHG WR 0 7KLV
UHGXFWLRQFDQEHDWWULEXWHGWRWKHGLIIHUHQWOHYHORIOLPLWDWLRQ
RQ WKH DLU JDS IOX[ GHQVLW\ ZLWK WKH LQFUHDVLQJ RI WKH VSOLW
UDWLR
)LJFVKRZVWKHPLQLPXPUHTXLUHGDLUJDSOHQJWK
DQG WKH FRUUHVSRQGLQJ PD[LPXP DLU JDS IOX[ GHQVLW\ ZLWK
LQFUHDVHRIVSOLWUDWLR,WFDQEHVHHQWKDWWKHIOX[GHQVLW\LV
GUDPDWLFDOO\GHFUHDVHG GXH WR WKH LQFUHDVHG DLU JDS OHQJWK
7KLV OLPLWDWLRQEHFRPHVPRUHREYLRXVZLWK WKH LQFUHDVHRI
VSOLWUDWLRZKHQWKH30WKLFNQHVVLVJLYHQ+HQFH WKHVKLIW
RI RSWLPL]HG VSOLW UDWLR GRHV QRW RQO\ UHVXOW IURP WKH
LQFUHDVH RI DLU JDS OHQJWK GXH WR SUHVHQFH RI WKH VOHHYH
ZKLFK KDV EHHQ SURYHG LQ WKH SUHYLRXV VHFWLRQ 0RUH
LPSRUWDQWO\ WKH UHVWULFWLRQ IRU WKHDLUJDS IOX[GHQVLW\DOVR
YDULHV ZLWK WKH VSOLW UDWLR 7KH GLIIHUHQFH EHWZHHQ WKH
UHVWULFWHG IOX[ GHQVLW\ ZLWK WKH XQUHVWULFWHG RQH EHFRPHV
ODUJHU ZLWK WKH VSOLW UDWLR LQFUHDVLQJ 7KXV WKH RSWLPL]HG
VSOLW UDWLR FRUUHVSRQGLQJ WR WKH PD[LPXP WRUTXH KDV WR EH






































































































)LJ D VKRZV WKH FURVV VHFWLRQV RI WKH RSWLPL]HG
GHVLJQV ZLWK DQG ZLWKRXW FRQVLGHUDWLRQ RI PHFKDQLFDO
FRQVWUDLQWV &OHDUO\ WKH VSOLW UDWLR LV VLJQLILFDQWO\ UHGXFHG
7KHGHVLJQSDUDPHWHUVRIHDFKPDFKLQHDUHJLYHQLQ7DEOH
)LJ E LOOXVWUDWHV WKH IOX[ GLVWULEXWLRQV RI
RSWLPL]HG GHVLJQV ZLWK RU ZLWKRXW WKH PHFKDQLFDO
FRQVWUDLQWV (YLGHQWO\ WKH GHVLJQ ZLWK PHFKDQLFDO
FRQVWUDLQWV 0 H[KLELWV OHVV VDWXUDWLRQ LQ WKH VWDWRU LURQ
WKDQ WKH RQH ZLWKRXW PHFKDQLFDO FRQVWUDLQWV 0 GXH WR
LQFUHDVHRIDLUJDSOHQJWK2QWKHRWKHUKDQGZKHQWKHWRWDO
HIIHFWLYHDLUJDSOHQJWKNHHSVFRQVWDQWWKHRSWLPL]HGGHVLJQ
ZLWKRXW PHFKDQLFDO FRQVWUDLQW 0 KDV D VLPLODU VWDWRU DV
ZHOO DV DLU JDS IOX[ GHQVLW\ FRPSDUHG ZLWK WKDW ZLWK
PHFKDQLFDOFRQVWUDLQW0
)LJ F LOOXVWUDWHV WKH VSHFWUD RI DLU JDS IOX[
GHQVLWLHV RI WKUHH RSWLPL]HG GHVLJQV ZLWK DQG ZLWKRXW
FRQVLGHUDWLRQ RI PHFKDQLFDO FRQVWUDLQWV %RWK 0 DQG 0
FOHDUO\ H[KLELW PXFK ORZHU IXQGDPHQWDO IOX[ GHQVLW\ WKDQ
0ZKLFKDJUHHVZHOOZLWKWKHWUHQGLQ)LJE
7KH FRQWDFW SUHVVXUHV EHWZHHQ PDJQHWV DQG URWRU
EDFNLURQIRUWZRRSWLPL]HGGHVLJQVDUHVKRZQLQ)LJG
,WVKRXOGEHQRWHGWKDWWKHDEVROXWHYDOXHRIFRQWDFWSUHVVXUH
UHSUHVHQWV WKHVWUHVV OHYHO7KHQHJDWLYHVLJQUHSUHVHQWV WKH
GLUHFWLRQ RI FRQWDFW SUHVVXUH SRLQWV WR FHQWUH LQ WKH SRODU
FRRUGLQDWHV V\VWHP ,W FDQ EH VHHQ WKDW WKH PLQLPXP
FRQWDFWSUHVVXUH OLHVRQ WKH VXUIDFHEHWZHHQ WKHSHUPDQHQW
PDJQHW DQG WKH URWRU EDFN LURQ 7KH PLQLPXP FRQWDFW
SUHVVXUHIRUWKHGHVLJQZLWKRXWFRQVLGHUDWLRQRIPHFKDQLFDO
FRQVWUDLQWV 0 LV 03D PDNLQJ WKH SHUPDQHQW
PDJQHWVILQDOO\GHWDFKIURPWKHURWRUEDFNLURQ0HDQZKLOH
WKH FRQWDFW SUHVVXUH IRU WKH RSWLPL]HG GHVLJQ FRQVLGHULQJ
PHFKDQLFDOFRQVWUDLQWV0LV03DZKLFKSURYLGHVD
UHVLGXDO IRUFH IRU SHUPDQHQW PDJQHWV VWLFNLQJ RQ WKH URWRU
EDFN LURQ7RFRQFOXGH0SURYHV WREH WKHPRVW IHDVLEOH
GHVLJQ VROXWLRQ ZLWK WKH PD[LPXP HOHFWURPDJQHWLF WRUTXH
ZKHQWKHPHFKDQLFDOFRQVWUDLQWVDUHWDNHQLQWRFRQVLGHUDWLRQ
7KH JHRPHWULFDO SDUDPHWHUV RI WKH GHVLJQHG +6300 DUH
VKRZQ LQ 7DEOH , ,W VKRXOG EH QRWHG WKDW WKH JHRPHWULFDO
SDUDPHWHUVLQ)LJDUHQRWWKHVDPHZLWK0
,Q DGGLWLRQ LW VKRXOG EH QRWHG WKDW WKH WKHUPDO
FRQVWUDLQWVLQWHUPVRIVWDWRULURQORVVDVZHOODV$&FRSSHU
ORVVDQGURWRUHGG\FXUUHQWORVVDOVRDIIHFWWKHVSOLWUDWLRRI
+6300GXH WR WKHUHVWULFWLRQRI IOX[GHQVLW\7KLVZLOOEH
VWXGLHGLQIXWXUHUHVHDUFK
  0 0 0
D









































3DUDPHWHUV 0 0 0
6WDWRURXWHUGLDPHWHU PP
6WDWRUERUHGLDPHWHU PP PP PP
6SOLWUDWLR   
5RWRURXWHUGLDPHWHU PP PP PP
5RWRUVKDIWGLDPHWHU PP
3K\VLFDODLUJDSOHQJWK PP
6OHHYHWKLFNQHVV  PP PP
30WKLFNQHVV PP
6WDWRU\RNHWKLFNQHVV PP PP PP
6WDWRUWHHWKZLGWK PP PP PP
6WDWRUD[LDOOHQJWK PP
3KDVHUHVLVWDQFH P P P
3KDVHLQGXFWDQFH ȝ+ ȝ+ ȝ+
1XPEHURIWXUQV 







UDWLR ZLWK D JLYHQ IOX[ UDWLR DQG SHUPDQHQW WKLFNQHVV IRU
+6300 FDQ EH REWDLQHG +RZHYHU IURP  LW FDQ EH
VHHQWKDWWKHPHFKDQLFDOFRQVWUDLQWVDUHFORVHO\UHODWHGZLWK
IOX[ GHQVLW\ UDWLR DV ZHOO DV WKH VOHHYH PDWHULDO SK\VLFDO
SURSHUWLHV DQG PD[LPXP RSHUDWLQJ VSHHG ,Q WKLV VHFWLRQ
WKH LQIOXHQFH RI WKH SUHYLRXV SDUDPHWHUV RQ WKH RSWLPL]HG
VSOLWUDWLRRI+6300LVLQYHVWLJDWHG,WLVZRUWKPHQWLRQLQJ
WKDW WKH OHYHO RI OLPLWDWLRQ RQ IOX[ GHQVLW\ IRU PDJQHWV RI
GLIIHUHQW WKLFNQHVV ZLOO QRW FKDQJH VLJQLILFDQWO\ ZKHQ WKH





FRQVLGHULQJ WKH PHFKDQLFDO FRQVWUDLQWV VWLOO GHSHQGV RQ WKH
VORWDUHDZKLFKLVFORVHO\UHODWHGZLWKWKHIOX[GHQVLW\UDWLR
)LJDLOOXVWUDWHVWKHYDULDWLRQRIRSWLPL]HGVSOLWUDWLRZLWK
IOX[ GHQVLW\ UDWLR DQG FOHDUO\ VKRZV WKDW WKH RSWLPL]HG
YDOXHGHFUHDVHVZLWKWKHLQFUHDVHRIIOX[GHQVLW\UDWLR7KLV
FDQ EH DWWULEXWHG WR WKH LQFUHDVH RI ZLGWK RI WKH VORW WHHWK
DQG WKLFNQHVV RI \RNH ZKLOH WKH IOX[ GHQVLW\ UDWLR LV
LQFUHDVLQJ+HQFH WKHVORWDUHDLVFRQVHTXHQWO\UHGXFHG,Q
RUGHU WR PDLQWDLQ WKH FRQVWDQW FRSSHU ORVV WKH VWDWRU ERUH
GLDPHWHU KDV WR EH UHGXFHG ,W FDQ EH VHHQ WKDW ZLWK WKH
GHFUHDVH RI IOX[ GHQVLW\ UDWLR WKH GLIIHUHQFH EHWZHHQ WKH
RSWLPL]HG VSOLW UDWLRV ZLWK DQG ZLWKRXW FRQVLGHUDWLRQ RI
PHFKDQLFDO FRQVWUDLQWV LQFUHDVHV 7KLV FDQ EH DWWULEXWHG WR
WKH LQFUHDVLQJDLUJDS OHQJWKZLWK WKHLQFUHDVLQJ VSOLW UDWLR
ZKHQPHFKDQLFDOFRQVWUDLQWVDUHFRQVLGHUHG7KXVWKHVWDWRU
ERUH GLDPHWHU LQFUHDVHV IDVWHU ZKLFK LQ WXUQ UHVWULFWV WKH




FRQVLGHUHG 7KH FRQWDFW SUHVVXUH EHWZHHQ WKH PDJQHW DQG
WKH URWRU EDFN LURQ WXUQV LQWR WKH PLQLPXP ZKHQ WKH
PDFKLQHRSHUDWHV DW WKHPD[LPXPRSHUDWLQJ VSHHG+HQFH
WKH RSWLPXP VSOLW UDWLR LV TXLWH LQWHUGHSHQGHQW ZLWK WKH
PD[LPXP RSHUDWLQJ VSHHG DW ZKLFK WKH FRQWDFW SUHVVXUH
PXVWEHQRVPDOOHUWKDQ]HUR$VFDQEHVHHQIURPWKH
PHFKDQLFDO FRQVWUDLQW LV FORVHO\ UHODWHG ZLWK WKH PD[LPXP
RSHUDWLQJVSHHG7KHOLPLWDWLRQRQVSOLWUDWLREHFRPHVPRUH
GHPDQGLQJ ZLWK WKH LQFUHDVHRIPD[LPXPRSHUDWLQJ VSHHG




ZLWK WKH LQFUHDVHRIPD[LPXPRSHUDWLQJVSHHG WKHVPDOOHU
YDOLGVXUIDFHRIWKHGHVLJQVWKDQWKDWZLWKRXWFRQVWUDLQWVFDQ
EHREWDLQHG2QWKHRWKHUKDQGDVVKRZQLQ)LJFZKHQ
WKH PD[LPXP RSHUDWLQJ VSHHG LV UHODWLYHO\ VPDOO WKH
HQYHORSRIWKHYDOLGGHVLJQVLVDOPRVWWKHVDPHDVWKDWRIWKH
GHVLJQ VXUIDFH ZLWKRXW FRQVWUDLQWV ZKLFK PHDQV WKDW WKH
RSWLPL]HG VSOLW UDWLR DV ZHOO DV WKH PD[LPXP DFKLHYDEOH





































































$V VKRZQ LQ )LJ G WKH RSWLPL]HG VSOLW UDWLR NHHSV
GHFUHDVLQJ ZLWK WKH LQFUHDVH RI PD[LPXP RSHUDWLQJ VSHHG
2Q WKHRWKHUKDQGZKHQ WKHPD[LPXP LVEHORZNUPLQ
WKH RSWLPL]HG VSOLW UDWLR DOPRVW UHPDLQV XQFKDQJHG
FRPSDUHGZLWKWKHRQHZLWKRXWFRQVLGHUDWLRQRIPHFKDQLFDO






7KH VOHHYH PDWHULDO LV YHU\ LPSRUWDQW WR WKH GHVLJQ RI




WKH OHDVW +RZHYHU WKH FRVW RI FDUERQ ILEUH LV DOVR WKH
KLJKHVW7KHFULWHULDRIVOHHYHVHOHFWLRQVKRXOGWDNHWKHFRVW
DQG WKH HOHFWURPDJQHWLF SHUIRUPDQFH DV ZHOO DV WKH
PHFKDQLFDOUREXVWQHVVLQWRFRQVLGHUDWLRQ
7KHPLQLPXPDLUJDSOHQJWKFDQEHHDVLO\REWDLQHGIURP
 DV VKRZQ LQ )LJ D &DUERQ ILEUH VKRZV JUHDW
DGYDQWDJHV IRU LWV VPDOOHVW VOHHYH WKLFNQHVV HVSHFLDOO\ DW
KLJKHUVSHHG)LJELOOXVWUDWHVWKHHOHFWURPDJQHWLFWRUTXH
YHUVXV VSOLW UDWLR XQGHU WKH PHFKDQLFDO FRQVWUDLQWV ZLWK
GLIIHUHQW VOHHYH PDWHULDOV DW WKH VSHHG RI NUPLQ ,W LV
REYLRXV WKDW +6300 ZLWK FDUERQ ILEUH VOHHYH KDV WKH
KLJKHVW WRUTXHGHQVLW\FRPSDUHGZLWK WKHRWKHUVGXH WR WKH
UHODWLYHO\ ODUJHUDLUJDS IOX[GHQVLW\ ,Q)LJD LWFDQEH
VHHQ WKDW WKH PD[LPXP DLU JDS IOX[ GHQVLW\ IRU WKH GHVLJQ




WKH RSWLPL]HG VSOLW UDWLR RI +6300 7KH RSWLPL]HG VSOLW
UDWLRV IRU +6300 HTXLSSHG ZLWK WKUHH GLIIHUHQW VOHHYH
PDWHULDOVUHVSHFWLYHO\DUHVKRZQLQ)LJE:LWKUHVSHFW
WR PD[LPXP RSHUDWLQJ VSHHG WKH RSWLPL]HG VSOLW UDWLR IRU
PDFKLQHVZLWKFDUERQILEUHLVQRWDVVHQVLWLYHDVWKHRQHIRU
PDFKLQHVZLWK,QFRQHODQGVWDLQOHVVVWHHO
,Q DGGLWLRQ DV VKRZQ LQ )LJ F WKH PD[LPXP
DFKLHYDEOHWRUTXHIRU+6300HTXLSSHGZLWKFDUERQILEUHLV
KLJKHU WKDQ WKDWRI ,QFRQHO7KLVGLIIHUHQFHEHFRPHV ODUJHU
ZLWK WKH LQFUHDVH RI WKH PD[LPXP RSHUDWLQJ VSHHG ZKLFK
LQGLFDWHVWKDWWKHFDUERQILEUHLVH[WUHPHO\VXLWDEOHIRUXOWUD






















































































'HQVLW\NJP    
<RXQJ¶V
0RGXOXV*3D    
7HQVLOHVWUHQJWK
03D    





%DVHG RQ WKH SUHYLRXV RSWLPL]DWLRQ PHWKRG D WKUHH
SKDVHVORWSROHKLJKVSHHGSHUPDQHQW PDJQHWPDFKLQH
LVSURWRW\SHG$VLVVKRZQLQ)LJDWKHURWRULVHTXLSSHG
ZLWK VXUIDFHPRXQWHG PDJQHWV ZKLFK DUH XQGHU WKH
SURWHFWLRQRI D FDUERQ ILEUH VOHHYH 7KHSURWRW\SHPDFKLQH
LVGULYHQE\DQRWKHUPRWRUWRWHVWWKHEDFN(0)ZDYHIRUP
)LJE LQZKLFK WKHPHDVXUHGDQGVLPXODWHGRSHQFLUFXLW
SKDVH EDFN(0)V DUH FRPSDUHG DW NUSP 7KH VWDWLF
WRUTXH LV PHDVXUHG ZLWK WKH PHWKRG SURSRVHG LQ >@ DQG
FRPSDUHG ZLWK WKH PHDVXUHG UHVXOW LQ )LJ F ,W FDQ EH
VHHQWKDWWKHPHDVXUHGUHVXOWVDJUHHZHOOZLWKWKHVLPXODWHG
RQH ZKLFK IXUWKHU FRQILUPV WKH YDOLGLW\ RI DQDO\VLV LQ WKLV
SDSHU
 &RQFOXVLRQ
,Q WKLV SDSHU WKH RSWLPL]HG VSOLW UDWLR IRU +6300
KDV EHHQ DQDO\VHG ZLWK WKH FRQVLGHUDWLRQ RI PHFKDQLFDO
FRQVWUDLQWV LQFOXGLQJ WKH VOHHYH FLUFXPIHUHQWLDO VWUHVV OLPLW
DQGFRQWDFWSUHVVXUH UHTXLUHPHQW EHWZHHQ WKH PDJQHWV DQG
WKHURWRUEDFNLURQ7KHDQDO\WLFDOUHVXOWVKDYHEHHQYHULILHG
E\WKHILQLWHHOHPHQWDQDO\VHVDQGH[SHULPHQWDOGDWD,WKDV
EHHQ VKRZQ WKDW WKH RSWLPL]HG VSOLW UDWLR LV VLJQLILFDQWO\
UHGXFHG ZKHQ WKH PHFKDQLFDO FRQVWUDLQWV DUH WDNHQ LQWR






LQFUHDVH RI IOX[ GHQVLW\ UDWLR 7KH FDUERQ ILEUH H[KLELWV
GLVWLQFWLYH DGYDQWDJHV DPRQJ WKH FRPPRQO\ XVHG VOHHYH














































































WZR QRYHO VWDELOLVLQJ ORRSV IRU IDVW G\QDPLFV DQG UREXVWQHVV
 ,(7
(OHFW3RZHU$SSOSS±





















>@ $ %LQGHU DQG 76FKQHLGHU 
+LJKVSHHG LQYHUWHUIHG $& GULYHV
 LQ
3URF ,QW $HJHDQ &RQI (OHFW 0DFK 3RZHU (OHFWURQ
%RGUXP7XUNH\6HSSS
>@ - /XRPL & =Z\VVLJ $ /RRVHU DQG - : .RODU 
(IILFLHQF\
RSWLPL]DWLRQ RI D:  UPLQ SHUPDQHQWPDJQHW PDFKLQH
LQFOXGLQJ DLU IULFWLRQ ORVVHV




DQDO\VLV RI GLIIHUHQW URWRU W\SHV IRU D KLJKVSHHG SHUPDQHQWPDJQHW
HOHFWULFDO PDFKLQH




+LJKVSHHG HOHFWULFDO PDFKLQHV WHFKQRORJLHV WUHQGV
DQG GHYHORSPHQWV
 ,((( 7UDQV ,QG (OHFWURQ    SS

>@ $ %LQGHU 7 6FKQHLGHU DQG 0 .ORKU 
)L[DWLRQ RI EXULHG DQG
VXUIDFHPRXQWHG PDJQHWV LQ KLJKVSHHG SHUPDQHQWPDJQHW
V\QFKURQRXV PDFKLQHV
 ,((( 7UDQV ,QG $SSO    SS

>@ ) % &KDDEDQ 

















SHUPDQHQW PDJQHW EUXVKOHVV '& PRWRUV









(YROXWLRQ DQG PRGHUQ DSSURDFKHV IRU WKHUPDO DQDO\VLV RI
HOHFWULFDO PDFKLQHV




KLJKVSHHG SHUPDQHQW PDJQHW V\QFKURQRXV PDFKLQHV EDVHG RQ
WKHUPDO UHVLVWDQFH QHWZRUN




FRQVHTXHQWSROH SHUPDQHQW PDJQHW PDFKLQHV
 ,(7 (OHFWULF 3RZHU
$SSOLFDWLRQVSS
>@ 7 $ /LSR 
,QWURGXFWLRQ WR $& PDFKLQH GHVLJQ
 :LVFRQVLQ 3RZHU
(OHFWURQ5HV&HQWHU8QLY:LVFRQVLQ0DGLVRQ:,86$
>@ - 3\UKRQHQ 7 -RNLQHQ DQG 9 +UDERYFRYD 'HVLJQ RI 5RWDWLQJ
(OHFWULFDO0DFKLQHV+RERNHQ1-:LOH\
>@ =KX =4 µ$ VLPSOH PHWKRG IRU PHDVXULQJ FRJJLQJ WRUTXH LQ
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